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ABSTRACT

THE EFFECTS OF INSOLUBLE FIBER SUPPLEMENTATION IN AN
OUTPATIENT HEMODIALYSIS POPULATION

By

Marci Lee Askegard

The effects of insoluble fiber (14g from pea, oat, and sugar beet)
supplementation on laxation, food intake, serum constituents and
diet/medication compliance were determined in 15 adult hemodialysis
outpatients using a 57-day cross-over design. Fiber supplementation did
not produce adverse gastrointestinal effects, change diet/medication
compliance, or decrease food intake. There were no significant
differences in body weight (dry), interdialytic weight gain, stool number/
consistency or serum BUN, creatinine, phosphorus, glucose, iron,
cholesterol, HDL-cholesterol, triglycerides, or ferritin. Decreased serum
potassium and calcium occurred with treatment. Fiber supplementation
normalized bowel function in over half the subjects although constipation
was not a criterion for study participation. Insoluble fiber
supplementation from pea, oat and sugar beet for three weeks produced no
serious side effects and may be useful short-term therapy in dialysis
patients. Further investigation of long-term effect on serum calcium

should be conducted before recommending long-term use.




DEDICATION

In honor of my parents Ronald D. and Cecelia A. Askegard,
and grandparents: Gerald F. and Mary Watson,
Mildred V. Askegard, and the late Harry Louis Askegard
who instilled in me a trust in the Lord and my own abilities,
and the desire to set goals that test and maximize those abilities.



ACKNOWLEDGMENTS

There are many individuals who have given of their time and of
themselves to allow this thesis to have become a reality. I could not
have completed this study if it were not for the help of those I will
mention below. It is with extreme gratitude that I place each person’s

name in this section of my thesis.

My sincerest appreciation to my advisor and chair of my guidance
committee, Dr. Jenny Bond, who provided guidance, wisdom, and support
throughout my graduate career. I thank you for the many hours of
consultation, words of encouragement at times of crisis, and the genuine
interest and care you have shown.

I wish to extend my appreciation to the other members of my
committee Dr. Rachel Schemmel, Dr. William Heusner, and Diane Fischer,
M.S., R.D. for the time, effort, advice, unselfish support, and guidance
provided during all stages of my Master’s thesis.

I wish to acknowledge the Department of Food Science and Human
Nutrition and Dr. Mark Uebersax, as well as a Biomedical Research
Support Grant through Michigan State University, Ross Laboratories, and
The American Dietetic Association’s Francis E. Fisher Memeorial
Scholarship for providing financial support.

I wish to thank Dr. Dana Ott, Nancy Johnson, Mrs. Stella Cash, Dr.
Janice Hart, Dr. Wanda Chenoweth, Marilyn Mook, and Dr. Won Song for

their advice and contributions during the experimental cookie recipe

iv



development. Grateful appreciation is extended to Debbie Klein, Debie
Lacato, and Mary Rosner for clerical miracles that allowed my study to
proceed on schedule.

Many thanks to those who helped prepare the over 3000 cookies
that were needed to conduct this study, including: Don Benson
(executive chef at Sparrow Hospital), Charles Bradley (baker), Chris
Kibit (instructor for Eaton Intermediate School District/Lansing
Community College Vocational Education program), Teri Tomak, R.D., Anne
DeVitto, M.S., R.D., Elinor Bermermeyer, R.D., Judy Gasnier, R.D., Susan
Miller, Heidi Rakowski, Patrick Kennedy, Karen Duve, Barb Betterly-
Smith, Jackie Myers, Julie Benden, James Bradshaw, Kathy Janeke, Nina
Eitniear, and the kitchen staff at Sparrow Hospital.

Sincere appreciation is extended to the hemodialysis patients who
agreed to participate as subjects, Sparrow Hospital, Dr. Rafael Javier,
Betty Whipple, R.N., Michael T. Guty, Sheryl M. List, Cheryl L-P
Zarafonitis, and the hemodialysis outpatient unit nursing staff.

Appreciation is extended to Keren Price M.S., R.D., Barb Pickering,
and the rest of the staff at the Nutrition Coordinating Center,
University of Minnesota.

Valuable contributions from staff at Ross Laboratories including
Maureen E. Geraghty, M.S. ,R.D., L.D. (clinical research associate),
Yuka Marushige Knopp, M.S. (clinical research monitor), and Frank Yi
(biostatistician) are gratefully acknowledged.

Additional gratitude is extended to Patrick Kennedy for gathering
medical chart information, and to Susan Miller for her expertise at
filing, double-checking my calculations and tallies, and for providing

the positive attitude and smiling personality that made my research more

v



bearable. Thank you to Judy Pfaff, Mike Keefe, and Pat Smith who came
to my aid during computer statistical analysis crises.

A special thanks to my fellow graduate student friends Gail
Mortenson, Amy Riley, Karen Duve, Donna McLean, Danielle Chopak, and
Gail Haus who made graduate life more enjoyable. I will single out Amy
at this point as we started our Masters Degree programs at the same time
and endured most of the graduate courses together. Amy, you’ve been a
great friend, and I shall not forget all the trials we’ve endured--
thanks for being there.

To Dr. Dena Cederquist, Pastor Dave Dressel, Becky Orozco, and the
gang at Martin Luther Chapel I extend sincere appreciation for the
prayers and help in keeping my spiritual life at the top of the priority
list in the midst of graduate school turmoil.

I extend my love and appreciation to my fiance David, who has
watched me endure the thesis process from the very beginning. David,
you have helped out in ways you may not realize. Your friendship,
support, strength, love, and understanding have helped make this thesis
possible. Thank you.

I thank my brother (Scott) , sister (Cherie), brother-in-law
(Brent), aunt (Shirley), uncle (Gerry), and the family I am currently
staying with (Carla and Terry Pontz, Zack, Rachel) for the encouragement
they have provided. I have dedicated this thesis to my parents and
grandparents. I now also thank them for their continued love and
support which have helped to bring me to this point in my life and
graduate career.

I am truly grateful for the many people whose names are listed in

this section. May the Lord bless all of you and keep you in his care. -

vi




TABLE OF CONTENTS

CHAPTER PAGE
LISTOF “TABLES? s vsiiismassinetisimivasse sl ool imesidersis sides X

I, - JINTRODUCTION. oo ic oaiamivsioiosinamarstunisare sisioioimaion siaioioisiorasiofa sraars 1
Statement of the Problem............covviiiiiiiiiiiiiinnn, 1
Purpose of the Study Y 4
Hypotheses............ ..3

Main Hypotheses....... 3
Secondary Hypotheses 3

111

REVIEW OF THE LITERATURE.......civiuenenieininenenennenennns 4

Introduction............
Types of Dietary Fibers..
Dietary Fiber and Hea]th
Constipation............
Blood Glucose..
Blood Lipids..

Fluid Allowance......... .12
Other Blood Constituents.. ol e
Minerals and Electrolytes............ ssal3
Commercially Available Fiber Supplements.................. 13
METHODS AND PROCEDURES........vvevnrnennrnenennenenennnnss 18
Study’ ADProva s iihd saosbnidd s s bived st o Shaa s i s sileiis 18
Sample and Subject Selection.. ...19
Research Site............... ...20
Research Design.. ..20
Timeline....... ..21
Data Collection.. ...21
Blood Sampling.......... Saned
Dietary Data Collection. o2
Study Forms............. e
Phone Interview.. o529,
Treatments..... .26

Abstracting Medical Records...........
Cookie Preparation, Handling, and Compos1 ion.
Cookie CONSUMPLiON. . .vvueiueeieennenrenrenneeeennennnnnns 30

vii




v

VI

Retention of Subjects and Maintenance of Quahty Contro'l .31
Evaluation of Study Acceptance
Analysis of the Data..

Diet Record Ana'lysis. ..32
Blood Analysis............. ..33
Data From Completed Forms...........oouuunn ..34
Analysis of Data in Relation to Hypotheses.............. 35
RESULTS: 5255005 sns s deiinsdtuninain o Dot tupainesiissiesidans 37
Introduction: . iesme st bidaiisiiaiiosinaiis diesnios s eisas

Sample Selection..
Demographic Data
Measurements Related to Constipation and
Fiber at Study Initiation.......

Cookie Consumption and Evalua
Constipation, Diarrhea, Defecation, and

Gastrointestinal Variables..............coiiiiiiiiiia.,
Effect of Cookies on Laxation....................

Average Dry Weight and Interdialytic Weight
Blood Constituents
Nutrient Intake
Relationship of Subjects’ Diet Restrictions to Reported
Diet Intake
Medication Data

Evaluation of Study by Subjects..........ceeveiuuuinnnnn ::74
DISCUSSTON. o <siaisinislormtuisimsinisrsisisls Sraraiersibeluoialsiarbisinstelaisinto eropm 77
Introduction......cienssenishan siiess snesaies e sieisionies s 77
Hypothesis 1.. ..80
Hypothesis 2.. ..83
Hypothesis 3.. ..84
Hypothesis 4.. ..86
Hypothesis 5............. ..87
Hypothesis 1 (secondary)... ..89
Hypothesis 2 (secondary).....cooeeeiineeieinneennnnneennns 90
LIMITATIONS, STRENGTHS, CONCLUSIONS, AND RECOMMENDATIONS..94
Assumptions... ..94
Limitations... ..94
Strengths..... ..96
ConcTUSTONS. o ovvinnienannnenennannnn .97
Recommendations for Further Research...................... 99
APPENDICES

Approval from Michigan State University Committee on
Research Involving Human Subjects (UCRIHS),

and Consent FOrM......cceeececncncnncecacnaccccanscaccnss 101

viii



W P N AW N

—
=)

1

APPENDICES
Daily Schedule for Subjects.......ceeeeveneneeeenncaannns

Form A = Background Information

Form B = General Condition Form...........ccvvvinuennnnn. 108
Form C = Cookie Acceptance Form..........ccovuvennennnnns 111
Form D = Cookie Evaluation Form............ccovvuvnennnn. 112
Form E = Complete Daily Food and Liquid Record........... 113
Form F = Medication Record...........cooiiiiiiiininannnn. 117
Form G = Cookie Consumption Record...........ccoevuuuunnnn 118
Form H = Medical Information Form.............ccovvvnnnnn 120
Form I = Evaluation of Fiber Research Study.............. 122
Example of Weekly Checklist......covuueennnennnnnnennnnnn 123
Recipes ot b stah dibsusismenissaR biantin i bnbidn ey

a. Fibrad Cookie Recipe o

b. Plain Sugar Cookie RecCipe........ccevueiueinuennnnn 127
Sample of CHEM-20, CBC, and Lipoprotein Reports.......... 128
LIST OF REFERENCES 3:'v 5 vroisivisisiore s s siorasiasto siobib sidisormisrasions 129



&~ & 2 s

- s o

LIST OF TABLES

Page
Sequence Of StUdY....covireiiiiereiinerenennnancnnnannn 21
Calculated Individual Cookie Composition............... 30
Subjects’ Medical Diagnoses Related to Hemodialysis
TPEALMENT S ¢ o cic o oialsiossrdio s aionse s, bivisiors /oo owiaratorsisfeiore siarata 39
Assessment of Selected Aspects of Subject Mobility..... 40
Self-reported Dietary Restrictions of Hemodialysis
Patientsiciiies dotsasimisiamashsocis el vanits @ sl s s 41

Conditions and Medications Related to Constipation and
Fiber Awareness of Hemodialysis Patients at Initiation
() A T R R e L S A e TS e P O St 42

Frequency of Constipation and Diarrhea in Hemodialysis
Patients During the Previous Year.........cccoevveevenns 43

Stool Number and Consistency Reported by Subjects at
Study Initiation......coovvvniiinniiiiiiiiiiiiiiiii, 44

Total Period and Average Daily Consumption of Cookies..45

Cookie Evaluation Results by Treatment................. 46
Effects of Cookie on Food Intake................ceuenn. 48
Daily Report of Constipation and Diarrhea.............. 49
Statistical Results of Daily Average Number of Stools

and Stool Consistency by Group and Treatment........... 52
Daily Report of Gastrointestinal Symptoms.............. 54
Subjects Reports of Effect of Cookie on Laxation....... 57
Subjects’ Identification of Treatments................. 59

Differences Reported by Subjects Related to Treatments.60



.16

.17

.18
.19

.20

.21

.22
.23

Results for Average Dry Weight and Interdialytic

Weight Change Data...........cciiiiieiininenenencnnnnns 61
Selected Biochemical Analysis of Blood Samples From
Fasting Subjects.....cociiiiiinnrneeeeeeeecoocencnnnnse 63
Nutrient Intake of Subjects by Treatment............... 64
Noncompliance to Diet Restrictions During Study

= o 1 T 67
Medication Taken by Subjects and the Effect of

Treatment on Dosages Required............c.... cecescnns 68
Medications Taken by Subjects and Relationship to
Constipation and/or Diarrhea.......coceveveenneeennnnes 73
Report of Changes in Medications by Subjects........... 74
Subject Evaluation of Study........ccovvvvriiieinnnnnnn. 76

Xi



CHAPTER I
INTRODUCTION

Statement of the Problem

End stage renal disease patients on hemodialysis have unique
dietary and fluid restrictions as part of their daily medical therapy.
These restrictions, as well as medications, lack of exercise, and other
factors can result in constipation as a complication in many
hemodialysis patients. These patients also may suffer from additional
complications such as diabetes and hyperlipidemias.

Fiber supplementation would be a possible valuable addition to the
current nutritional regimen used with hemodialysis patients, if the
benefits of fiber supplementation can be shown to outweigh possible
problems or side effects. Studies to determine the benefits and
disadvantages of adding fiber to the diet of renal patients were very

sparse in the literature reviewed.
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Purpose of the Study

The purpose of this investigation was to study the effects of
insoluble fiber supplementation in End Stage Renal Disease (ESRD)
patients residing in central Michigan who have hemodialysis treatments
at Sparrow Hospital. Fiber in relation to laxation, food intake,
selected blood constituents (serum potassium, phosphorus, calcium,
cholesterol, triglycerides, lipoproteins, urea, creatinine, glucose,
iron, and ferritin), diet/medication compliance, and acceptability of
the fiber supplement product were measured.

The independent variable was the fiber supplement (or no fiber
supplement). The dependent variables were acceptability of the fiber
supplement product; laxation; consistency and number of stools; selected
gastrointestinal disturbances (cramping, constipation, diarrhea,
rumbling, gas, nausea); adherence to diet, and actual food intake as
measured by diet record analysis; adherence to medication regimens as
measured by medication records; serum values of potassium, phosphorus,
calcium, cholesterol, triglyceride, lipoproteins, urea, glucose, and
ferritin; and weight stability in relation to interdialytic weight
gains. The investigation was designed to analyze the effects of the
independent variable on the dependent variables when the subjects were

placed on each treatment for three weeks in a cross-over design.
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Hypotheses

There were several main hypotheses, as well as two secondary

hypotheses which were to be tested by this study.

Main Hypotheses:

e

Fiber supplementation will be effective in treating
/preventing constipation in the renal hemodialysis patient.
Fiber supplementation will not increase adverse gastrointestinal
symptoms (cramping, bloating, gas, diarrhea, etc,) in the

renal hemodialysis patient.

Fiber supplementation will not reduce food intake of the renal
hemodialysis patient.

Fiber supplementation will not affect the fasting blood
concentrations of potassium, phosphorus, calcium,

cholesterol, triglycerides, lipoproteins, urea, glucose,
creatinine, iron, or ferritin in the renal hemodialysis patient.
Fiber supplementation, in the form of a fiber cookie, will

be an acceptable (palatable) way to incorporate fiber

into the diet of the renal hemodialysis patient.

Secondary Hypotheses:

1.

Fiber supplementation will not affect the dry weights or between
dialysis weight (interdialytic) gains in the renal hemodialysis
patient.

Fiber supplementation will not affect the diet or

medication compliance of the renal hemodialysis patient.



CHAPTER II
REVIEW OF THE LITERATURE

Introduction

Presently, more than 90,000 patients worldwide (>85,000 in the
United States) are suffering from chronic renal failure (End Stage Renal
Disease), and rely on treatment with either dialysis or transplantation
for survival. This number continues to increase each year (Amend et
al., 1988). The typical hemodialysis patient has lost >90 % of normal
glomerular function due to illness or disease. Hemodialysis replaces
the filtering functions of the diseased kidney. The hemodialysis
patient spends an average of 10-15 hours a week on a dialyzing machine
which filters from the blood the excess water and low molecular weight
substances (such as potassium, phosphates, sulfates, urea, creatinine,
and uric acid) that are harmful or toxic to the body (Zeman, 1983,
1990).

For some patients with chronic renal failure, hemodialysis, in
combination with a diet controlled in protein, sodium, potassium,
phosphorus, and/or fluid, may be used for an extended period of time
(i.e. >20 years) as therapy (Anon, 1984; Burton et al., 1983; E1 Nahas,
1986; Mitch et al., 1981; Zeman, 1983). With such dietary restrictions,
the consumption of fruits, vegetables, and whole grains is limited due

to their content of one or more of the previously stated nutrients.
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With the Timitation of these foods in the diet, the fiber content of the

diet also may be Tow.

ypes of Dietary Fibers

Review of the literature produces evidence that there is not a
precise or universally accepted definition of dietary fiber (AMA Council
on Scientific Affairs, 1989). Dietary fiber has been defined as "all
nondigestable cell wall components, including cutins, waxes, and other
coat materials" (Anderson, 1986). Fleming et al. (1986) developed a
working definition of fiber as: "the plant polysaccharides and lignin
which are resistant to hydrolysis by the digestive enzymes of man."
Dietary fiber can be classified into noncellulosic polysaccharides
(including hemicelluloses, pectic substances, mucilages, gums, and algal
polysaccharides), cellulose, and 1lignin (Simpoulos, 1986; Slavin, 1987)
and is found only in plant products such as fruits, vegetables, nuts,
and grains.

Dietary fiber can also be classified into two broad categories
based on water solubility, water soluble and water insoluble. The
water-insoluble fibers are measured by the neutral detergent residue
method of Goering and Van Soest (Goering et al., 1970) and include the
celluloses, lignins, and many hemicelluloses. Major food sources of
water insoluble fibers are wheat, grains, and vegetables. Insoluble
fibers have water holding capacity and a tendency to reduce or relieve
constipation when fluid intake is adequate (AMA Council on Scientific
Affairs, 1989; Anderson, 1985; Yen, 1988). The water soluble fibers are
estimated by the technique of Southgate (1969) and include the pectins,
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gums, certain hemicelluloses, mucilages, and storage polysaccharides.
Major food sources of the water soluble fibers include fruits, legumes,
oats, and barley (Anderson, 1987; Fleming et al., 1986). Diets with
certain types of soluble fibers have been shown to lower blood
cholesterol levels in specific patient populations that exhibit elevated
serum cholesterol and to lower blood glucose levels in patients with
diabetes (Anderson, 1980; 1985; 1987; Fleming et al., 1986; Hagander et
al., 1989). Whether the lowering of serum cholesterol is due to a
direct effect of the soluble fiber or to decreasing fat content of the
diet is still under investigation.

Plant gums (such as xanthan gum) are a complex group of highly
branched polysaccharides containing glucuronic and galacturonic acid as

well as xylose, arabinose, and mannose (Anderson, 1979).

Dietary Fiber and Health

Based on epidemiological data of low incidence of Western diseases
(such as colon cancer, coronary heart disease, obesity, diabetes, and
hypertension) in an African population which consumed traditional
unrefined diets, Burkett and Trowell (in the 1970’s) hypothesized a 1link
between the Westernized low fiber intake and an increase in those
diseases. Although this link did not demonstrate cause and effect,
current clinical research does support the hypothesis in relation to
certain diseases including glucose homeostasis in diabetes, certain
types of hyperlipidemias, constipation, and several gastrointestinal

disorders (Anderson, 1990; 1986; Astrup, 1989; Trowell et al., 1985).
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Cummings (1978), in a review of the literature concerning the
nutritional implications of dietary fiber, concluded that dietary fiber
appears to affect the rate and route of absorption and metabolism of
dietary fat, carbohydrate, and protein. Dietary fiber may also alter
sterol metabolism, as well as vitamin and mineral absorption and
metabolism.

A diet that includes foods high in fiber such as fruits, vegetables,
and whole grains is recommended by professional organizations
(including The National Institutes of Health, The American Cancer
Society, The National Academy of Sciences, and The American Dietetic
Association), as a way to promote health, while decreasing the risk for
certain diseases (American Cancer Society, 1984; ADA Reports, 1988;
National Academy of Sciences, 1982; National Cancer Institute, 1984) .
Although no Recommended Dietary Allowance exists for dietary fiber
intake, a report prepared for the US Food and Drug Administration does
recommend a daily dietary fiber intake of 20-35 grams (Anderson, 1989).
In addition, the Health Education Council in Britain recommends a daily
dietary fiber intake of 30 grams (Trowell et al., 1985).

Renal patients on hemodialysis frequently suffer from complications
including constipation, diabetes, Type IV hyperlipidemia, and
diverticulosis (Cochran, 1982; Guarnieri et al., 1980; Levine, 1982;
Zeman, 1983). Some of these complications may be related to compliance
with necessary dietary modifications and/or prescribed medications (such
as aluminum antacids). Inclusion of selected sources of dietary fiber
has been shown in other patient populations to have positive effects on
conditions including constipation, diabetes, hyperlipidemias, and some

gastrointestinal tract disturbances (Anderson, 1979; 1985; 1987;
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Andersson, 1979; Cummings, 1978; Kay, 1982; Jenkins, 1988; Simpoulos,
1986) .

ons n

Constipation has been defined as "a chronic condition (> six weeks)
characterized by hard stools or fewer than three bowel movements per
week" (Ross Laboratories, 1990). Constipation has also been stated as
having the most meaning when viewed as "a change from an individual’s
customary bowel habits"; and it may refer to a reduction in frequency of
defecation, a constant sensation of rectal fullness with incomplete
evacuation of feces, or sometimes painful defecation due to hard stools
or perianal pathology (Harrison, 1983; Taylor, 1990; Zeman, 1983).
Constipation is a common complaint of hemodialysis patients. A survey
of 16 dialysis units in Michigan revealed that 15 (93%) of the units
consider constipation to be a problem in their population (Fischer and,
Jones, 1991). A recent survey of patients using the Sparrow hospital
hemodialysis unit (n=87) revealed that 66% of those patients surveyed
experienced problems with constipation at least one to two times per
week (Fischer, personal communication, 1990). Medications (e.g.
aluminum antacids, antidepressants, and antihypertensives), fluid
restriction, lack of exercise, potassium restriction (1imiting intake of
some fruits and vegetables), and phosphorus restriction (limiting intake
of whole grain products) are among the causes of constipation in
hemodialysis patients (Adams et al., 1982; Burgess et al., 1987;
Chambers, 1983; Ghose, 1970; Hoover, 1989; Welch et al., 1980).

The use of fiber in the treatment of constipation and uncomplicated

diverticular disease has been well established (Kay, 1982; Trowell et
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al., 1985). Insoluble fibers, such as cellulose, have been shown to
increase fecal bulk and decrease intestinal transit time (Anderson,
1986). Andersson et al. (1979) found that inclusion of 20 grams of
coarse wheat bran in the diet of ten constipated geriatric patients
decreased intestinal transit time significantly (p<0.02) in comparison
to a bulk laxative preparation that the subjects were using originally.

Wrick et al. (1983) tested transit time in 24 males during an 80-day
metabolic study using breads with four fiber sources and varying neutral
detergent residue (NDR): (a) white wheat bran ground to coarse
(13.6 g NDR) or fine particle size (12.8 g NDR), (b) purified cellulose
(17.8 g NDR), (c) cabbage fiber (9.9 g NDR plus pectin), and (d) white
bread which contained 1 gram NDR (control). Each subject received each
treatment in a crossover design study. The investigators found that
coarse bran and cellulose decreased transit time significantly (p
<0.05). Grinding of the bran was found to decrease the fecal output due
to reduced fecal water. However, it also was found that increased
intake of all types of fiber linearly increased fecal output of water
and dry matter. If fiber supplementation can act to reduce constipation
in the renal patient on hemodialysis, and thus to normalize the bowel
habits, it may increase both medication and diet compliance. If the
heﬁodialysis patient is able to follow both the diet and medication
regimens that are prescribed and still have no problems with bowel

irregularity, he/she may be more likely to comply with these regimens.

Blood Glucose

Fiber supplementation may have an effect on blood glucose levels.

Mechanisms of action of dietary fiber on carbohydrate metabolism may
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vary. In short-term studies, the effect of fiber appears to be in the
upper gut. In longer-term studies, the mechanisms of action of fiber on
blood glucose may be due to metabolic changes in the upper gut as well
as to fermentation in the lower gut (Wahlqvist, 1987).

Jenkins et al. (1975), documented in diabetic subjects that blood
glucose and insulin responses were both lower after meals that were
fiber supplemented than they were following fiber free meals. The
responses were attributed, in part, to the ability of soluble fiber to
impede intestinal absorption and to slow gastric emptying.

Anderson (1985), reported on the use of a high carbohydrate, high
fiber diet (70% carbohydrate, 18% protein, 12% fat, and 70 grams of
plant fiber) in a three week metabolic ward study with 25 lean type I
diabetics. The amount of fiber added to the diets was well above the
recommended 25-35 grams for the average adult. However, insulin needs
decreased by 38%, fasting blood glucose levels decreased by 16%, and
serum cho]esterb] lTevels decreased by 31% over the three weeks.

Parillo et al. (1988) found that incorporation of 50% carbohydrate
by caloric density (equaling approximately 65 g of dietary fiber per day
mostly of the.vegetable or soluble-type fibers) into the diet of six
insulin dependent diabetic patients with chronic renal failure over the
course of a 10 day metabolic study resulted in a significant decrease in
blood glucose levels (p<0.05). The data were compared to the those
obtained following the traditional diabetic diet for patients with renal
failure (reported to contain approximately 40% carbohydrate and 22 grams
of dietary fiber).

Hamberg et al. (1989) studied the effects of the daily addition of
pea fiber (30 gfams), sugar beet fiber (22 grams), or wheat fiber
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(36 grams) on postprandial blood glucose ﬁnd serum insulin in eight
healthy subjects. They reported that the pea fiber significantly
reduced the postprandial blood glucose response (p < 0.05) while not
significantly affecting the {nsulin response. Neither wheat fiber nor
sugar beet fiber significantly altered any of the variables; however,

they did decrease intestinal transit time (p <0.05).

Blood Lipids

Fiber supplementation also may affect blood 1ipid levels. Soluble
fiber may influence cholesterol and 1ipid metabolism at hepatic or
peripheral sites (Anderson, 1987). deGroot et al. (1963) reported in a
study with 21 males (age 30-50 years) that incorporation of 140 g of
rolled oats into the regular diet in the form of 300 g of bread, over
the course of three weeks, resulted in a 12% decrease in serum
cholesterol levels.

Jenkins et al. reported in 1975 that incorporation of 36 g of guar
gum or pectin into the diet of twelve males (age 21-32 years) over a
period of two Qeeks caused the serum cholesterol levels to fall
significantly (guar gum p < 0.002; pectin p < 0.05). Incorporation of
36 g of wheat fiber, however, did not affect blood cholesterol levels.

Hagander et al. (1989) compared a sugar beet enriched diet (27 g of
dietary fiber) to that of a control diet in 12 non-insulin dependent
diabetic patients in a 16 week cross-over study. The results revealed
that the sugar beet fiber-enriched diet decreased systolic blood
pressure (p<0.05), decreased total plasma cholesterol (p <.05), and

increased levels of HDL-cholesterol (p <0.05). The sugar beet fiber-
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enriched diet had no significant effect on fasting blood glucose levels,

postprandial blood glucose levels, or glycosolated hemoglobin levels.

Fluid Allowance

Fiber supplementation may allow an increase in the daily allotment
of fluid for the hemodialysis patient as some types of fiber have a high
water holding capacity. This may have an effect on the dry weight
(weight after a dialysis session) of the hemodialysis patient and/or on
the interdialytic (between dialysis sessions) weight gain. This water
holding capacity of some fibers may allow for increased excretion of
water via the gastrointestinal tract (i.e. not filtered by the kidney)
(Kay, 1982). Gums, pectins (found in sugar beet fiber and oat fiber),
mucilages, and storage forms of polysaccharides have high affinities for
water and swell to form gels in the small intestine in the presence of
water. Cellulose (found in pea fiber and sugar beet fiber) can bind to
approximately 0.4 g of water per gram of fiber in the intestinal tract

(Anderson, 1979).

Other Blood Constituents

It has also been suggested that fiber may affect urea synthesis in
the renal patient (Rampton et al., 1984). Yatzidis et al.(1979) reported
in a study using two uremic patients that ingestion of locust bean gum
(25 grams in three divided doses daily) over 19 weeks resulted in a
decrease in serum creatinine, phosphorus, and urea. The authors
suggested that these decreases were related to the capacity of the gum
to adsorb urea, creatinine, uric acid, ammonia, and phosphorus in the

intestinal Tumen.
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Minerals and Electrolytes

The use of high fiber foods, such as wheat bran, in the diet of
renal patients has been controversial, as these foods are also high in
potassium and phosphorus (Pennington and Church, 1986; Zeman and Nay,
1988).

Another concern associated with increasing dietary fiber is that
hemodialysis patients often show signs of anemia and low levels of some
minerals. Calcium, iron, and zinc have been shown to bind to dietary
fiber (Southgate, 1987). However, evidence from studies done on the
nutritional status of persons consuming high fiber diets suggests that
the long-term effects of fiber on mineral absorption are negligible
provided that the diet is adequate with respect to nutrients (AMA
Council on Scientific Affairs,1989; Southgate, 1987; Toma et. al, 1986).
Due to the complexity of the hemodialysis patient’s diet and the common
occurrence of anemia, it was important to determine if fiber
supplementation complicated existing conditions and if key laboratory
blood values (such as potassium, phosphorus, calcium, creatinine, blood
urea nitrogen, iron, cholesterol, triglycerides, lipoproteins, glucose,

and ferritin) remained within acceptable ranges.

ommercial vail lem

Several products are available on the market that are classified as
fiber supplements and bulk forming laxatives to aid in the relief of
constipation. Following is a review of some of these products.

Fiberall is made by CIBA and is marketed as a bulk-forming and

non-irritant laxative. The active ingredient of Fiberall is a refined
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hydrophilic mucilloid extracted from the seed husk of the blond psyllium
seed (Plantago ovata). Fiberall contains psyllium hydrophilic
mucilloid, citric acid, flavor, polysorbate 60, and wheat bran. It is
recommended to be taken as one teaspoon in a glass of water (8 ounces),
one to three times a day. Each teaspoon contains approximately 2.2 g of
soluble fiber, < 10 mg of sodium, < 60 mg of potassium, and < 6 calories
(Barnhart, 1990).

Unifiber is made by Dow B. Hickman, Inc. and is a powdered
cellulose product. Unifiber contains powdered cellulose, corn syrup,
and kanthan gum. This non-gelling product can be added to liquids or
soft foods. A one tablespoon serving contains 3 grams of insoluble
fiber, no sodium, and < 4 calories. The recommended dosage is one to two
tablespoons once or twice per day (Barnhart, 1990).

Metamucil is made by Procter & Gamble and is a bulk forming natural
fiber that has psyllium hydrophilic mucilloid as its active ingredient.
Regular flavor Metamucil contains psyllium hydrophilic mucilloid and
dextrose. It can be purchased in orange, lemon-lime, and strawberry
flavors and in both regular and sugar-free varieties. A one teaspoon
serving of regular flavor Metamuci] contains approximately 2.2 g of
soluble fiber, < 10 mg of sodium, 31 mg of potassium, and 14 calories.
One teaspoon in eight ounces of water is recommended one to three times
per day (Barnhart, 1990).

Citrucel is made by Lakeside Phamaceuticals and is a bulk forming
fiber that has methylcellulose as its major active ingredient. Citrucel
contains methylcellulose, citric acid, FD&C Yellow No. 6, orange
flavors, potassium citrate, riboflavin, and sucrose. One 19 g serving

(approximately one heaping tablespoon) of Citrucel contains 2 g of
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methylcellulose, 60 calories, 3 mg of sodium, and 105 mg of potassium.
The standard dose is one heaping tablespoon of the product in eight
ounces of water taken one to three times per day (Barnhart, 1988).

Fibercon is made by Lederle Laboratories and is a bulk forming
fiber laxative that is concentrated in a tablet form. The major active
ingredient is calcium polycarbophil. Fibercon also contains magnesium
stearate, microcrystalline cellulose, silica gel, stearic acid, and
other ingredients. One tablet contains 625 mg of calcium polycabophil
equivalent to 500 mg of polycarbophil. The recommended dose is two
. tablets with eight ounces of fluid one to four times a day (Barnhart,
1988).

Serutan is made by Beecham Products and is a natural fiber laxative
that has psyllium as its major active ingredient. Serutan contains
psyllium, dextrose, oat flour, silicon dioxide, wheat germ, and flavors.
One heaping teaspoon contains 3.4 g of psyllium. The recommended dose
is one teaspoon in eight ounces of water taken one to three times per
day (Barnhart, 1988).

Correcto] powder is made by Plough, Inc. and is natural grain
laxative with fruit fiber that has psyllium hydrophilic mucilloid as
its major active ingredient. Correctol powder contains psyllium
hydrophilic mucilloid, apple fiber, bran, citric acid, D& yellow No. 10
and 40, flavor, sodium saccharin, and other ingredients. One rounded
teaspoon contains 3.5 g of psyllium hydrophilic mucilloid, < 10
calories, and < 0.01 g of sodium. One teaspoon in eight ounces of water
taken one to three times per day is recommended (Barnhart, 1988).

Syllact is made by Wallace Laboratories and has powdered psyllium

seed husks as its major active ingredient. Syllact also contains
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powdered dextrose, potassium sorbate, methyl and propylparaben, citric
acid, FD&C red No. 40, flavor (artificial), and saccharin sodium. One
rounded teaspoon contains 3.3 g of powdered psyllium seed husks and 14
calories. The manufacturer recommends one rounded teaspoon with eight
ounces of fluid one to three times per day (Barnhart, 1988).

Effer-Syllium is made by Stuart Pharmaceuticals and is a natural
fiber-bulking agent that has psyllium hydrocolloid as its major active
ingredient. Effer-Syllium also contains citric acid, ethyl vanillin,
lemon and lime flavors, potassium bicarbonate, potassium citrate,
saccharin calcium, starch, and sucrose. One rounded teaspoonful
contains 3 g of psyllium hydrocolloid and < 5 mg of sodium. The
recommended dosage is one rounded teaspoonful in a glass of water one to
three times a day (Barnhart, 1988).

Fibrad, one of the most recent fiber supplements marketed, is
produced and distributed by Ross Laboratories and is a nongelling,
concentrated, dietary fiber supplement. Fibrad contains 75% pea fiber,
15% oat fiber, 10% sugar beet fiber, xanthan gum, and soy lecithin. Of
the fibers listed in the ingredients, Fibrad contains insoluble fiber
from peas and sugar beets. Soluble fiber is derived from peas, sugar
beets, oats, and xanthan gum (Hamberg et al., 1989; Kelsay et al., 1978;
Mctonne]] et al., 1974; Michel et al., 1988; Slavin, 1987). Fibrad
contains over 80% total dietary fiber by weight of which over 90% is
insoluble. Fibrad has been analyzed by the AOAC Method and found to be
78.6% insoluble and 7.4% soluble fiber by weight (Prosky et al., 1988).
When analyzed by the modified Theander method, Fibrad was found to
contain 80% insoluble and 3.8% soluble fiber by weight (Theander, 1986;
Marlett et al., 1985). The insoluble fraction of Fibrad was found to be
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primarily cellulose, hemicellulose, and insoluble pectins. Fibrad is
also low in sodium (< 15 mg per 9 gram serving) and potassium (< 15 mg
per 9 gram serving) (Ross Laboratories, 1990).

Due to factors that restrict the intake of dietary fiber from
ordinary food sources in the diet of the hemodialysis patient, the
problem with constipation as reported in a survey of renal units in
Michigan, and the lack of research in this area, the addition of a fiber
supplement to the diet of hemodialysis patients was deemed to be an area

open to much needed research.




CHAPTER III
METHODS AND PROCEDURES

This study was conducted to determine the benefits and
disadvantages of adding fiber to the diet of a population of
hemodialysis patients. Basic methods involved in this research study
included: development of a suitable product for incorporating fiber into
the diet of the population; development of the forms and questionnaires
to be used; subject selection; conduction of study; tabulation and
statistical analysis of collected data. The following chapter explains
in detail the steps in the research process used to reach this

objective.

t Approv

Approval to conduct this study was obtained from the University
Committee on Research Involving Human Subjects (UCRIHS) at Michigan
State University and from the Sparrow Hospital Institutional Research
and Review Committee (Appendix 1) prior to the study via phone, and
confirmed by letter. Each subject was informed of the purpose of the
study and the need for his/her participation. Subjects were informed as
to the necessity for access to their medical records for information on

previous medical history, laboratory values, medication records, and

18
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dialysis schedules. Those agreeing to participate signed a consent form

(Appendix 1).

Sam d Subject Sel jo

Twenty-two subjects were recruited from a population of
hemodialysis outpatients from Sparrow Hospital, located in Lansing,
Michigan. Subjects who met the following criteria and indicated
willingness to participate were selected. Criteria for selection
included:

1. Had been on hemodialysis for at least 2 months.

2. Had maintained a serum potassium and phosphorus
concentration between 3.0 and 6.5 mEq/1 and 3.5-6.5 mg/d1,
respectively, for two months prior to the study (relates
compliance with diet and/or medication orders).

3. Had no physical and/or mental complications which
interfered with or would have been aggravated by
participation in the study.

4. Had permission from his/her nephrologist to participate in
the study.

5. Had no known allergies to any ingredients in the fiber
supplement.

6. Were approved by renal dietitian as to probability of compliance

with study format.
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R rch Site

The study was conducted through Michigan State University in
collaboration with the hemodialysis unit at Sparrow Hospital. The actual
study was conducted at the hemodialysis outpatient unit at Sparrow
Hospital in Lansing, Michigan. The fiber supplement (experimental)
cookie was developed in the sensory l1ab at Michigan State University.
The preparation of the experimental fiber supplement and control sugar
cookies took place both at Michigan State University (Food Science Rm

124) and the kitchen facilities at Sparrow Hospital.
Research Design

At the initiation of the study each of the 22 subjects was randomly
and evenly assigned to one of two treatment groups (A or B). This was
done by placing slips of either white or green paper in unmarked sealed
envelopes and having the subjects select an envelope from a box that
contained all of the envelopes. The white slips of paper corresponded
to the selection of being in group A, while the green paper slips
corresponded to group B. Both groups received both treatments during
the 57 day study, which used a cross-over design. The random assignment
to a specific group served to indicate which group started with which
treatment. Group A started with the control (plain sugar cookie group)
treatment, and group B the experimental (fiber supplement cookie group)
treatment. The independent variable in this study was the treatment
with either fiber supplement cookies (containing Fibrad) or control

(plain sugar) cookies. Each subject served as his/her own control in
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this blind cross-over design. Distribution of study materials,
collection and review of completed forms, and routine medical testing of
the subjects took place during each subject’s specified dialysis period

within the dialysis unit.

The study, conducted between October 22 and December 18, 1990, was
composed of two baseline periods of one (1) week each and two treatment
. periods of three (3) weeks each. The baseline periods (no treatment)
were at the beginning of the study and between the two treatment
periods.

The sequence of the study is listed in Table 3.1 below.

Table 3.1 Sequence of study

Period I Period II  Period III Period IV Day 57

week 1 weeks 2-4 week 5 weeks 6-8
Control Fiber
Group A Baseline Cookies Baseline Cookies Summary
Fiber Control
Group B Baseline Cookies Baseline Cookies Summary
Data Collection

100 m
Each subject had fasting blood samples taken on day 1 of Periods
II, III, and IV, and day 57 of the study prior to the subject’s dialysis
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session if he/she was on a morning dialysis schedule. If the subject was
on an afternoon dialysis schedule, the subject came to the hospital in
the morning of the day the blood sample was to be drawn (See daily
schedule for subjects in Appendix 2). The study was started on the
subjects’ normal day of dialysis (either Monday, October 22, or Tuesday,
October 23, 1990). The 15m1 blood samples were drawn by Sparrow Hospital
Taboratory personnel, and processed by the laboratory technician per
hospital protocol. The samples were sent to Life Chem Laboratory in
Northvale, New Jersey. This laboratory was selected because it is the
laboratory which routinely analyzes the Sparrow Hemodialysis Unit
samples. LifeChem uses both internal and external quality control
programs in an effort to assure consistently reliable laboratory
results. Internal quality controls are performed daily using both
assayed and unassayed materials obtained from commercial sources.
External monitoring of laboratory performance is achieved through
participation in laboratory survey programs conducted by the College of
American Pathologists and the New Jersey State Health and Environment

Department.

Dietary Data Collection

Dietary data were collected using food records for three days
during periods I, II, III, and IV of the study; each subject kept a
complete food and liquid intake record for three days (one dialysis, one
non-dialysis, and one weekend). This record consisted of a listing of
all foods and liquids that the subject had consumed in that 24 hour
period. Each subject was given a set of standard measuring spoons and

measuring cups, and was instructed on the use of basic household
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measurements and standard portion sizes by either Diane Fischer, M.S.,
R.D.(renal dietitian), or Marci Askegard, R.D. (graduate research
assistant) for accuracy in reporting amounts consumed. The instructSon
was given at the beginning of the study (day 1 of period I ). Each food
record was reviewed for completeness by the dietitian working with the
subject at the time that records were returned to the research staff,

and any missing information was obtained from the subject.

Study Forms

Subjects were asked to complete several forms (e.g. background
information, general condition, and product tolerance/acceptance) during
specific days of the study. Each subject also kept a daily record of
medications taken during the study. Subjects received instruction on
completion of these forms during day 1 of period I. Each subject
received a daily checklist and a packet of forms at the beginning of
each week during the study. The subject received a three ring binder
notebook to hold the forms, and was instructed to bring the notebook to
the dialysis unit at the beginning of each week during the study. A
packet of completed forms was turned in to the renal dietitian (Diane
Fischer, M.S., R.D.) or graduate research assistant (Marci Askegardg
R.b.) at the beginning of each week, starting with week two (2) of the
study. Forms were checked by either the renal dietitian (Diane Fischer,
M.S., R.D.) or the graduate research assistant (Marci Askegard, R.D.) to
assure that each had been completed. Medical records were used to get
information including patient weight and between session weight gain.
The subjects were weighed at the beginning and at the conclusion of

their dialysis sessions on a Scale-Tronix digital scale as per normal
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Sparrow Hospital Dialysis Unit protocol. The scale used to weigh the
hemodialysis subjects is accurate to .10 pounds and is checked for
accuracy on a daily basis by the nursing staff on the outpatient
hemodialysis unit.

A complete description of the daily schedule of subject activities
for the study including form completion can be found in Appendix 2.
Form A (Appendix 3) covered basic background information about the bowel
habits, diet, and possible prior problems with constipation that a
subject may have experienced. Form B (Appendix 4) contained general
condition questions related to bowel movement frequency and
gastrointestinal problems. Form C (Appendix 5) contained questions
dealing with the acceptability of the product (i.e. fiber cookies, or
plain sugar cookies). Form D (Appendix 6) was a rank evaluation of the
product’s qualities in such areas as appearance, color, flavor, taste,
and texture. Form E (Appendix 7) was a food/liquid intake record for a
24 hour period. Form F (Appendix 8) was designed for obtaining the
daily medication schedule of each subject. Form G (Appendix 9) was
designed for obtaining the daily consumption of cookies during the
treatment periods. The subjects in the study completed the appropriate
forms as listed in the research design. Form H (Appendix 10) was
designed for use by the student assistant (Patrick Kennedy) who
abstracted the subject’s medical records. Form I (Appendix 11) was
designed as a follow-up tool to evaluate the study based on subject
reaction and comments.

Forms A, B, C, and D, are adaptations of forms used in previous
studies. Adaptations were based on the special needs/conditions of the

renal hemodialysis patient, and on the proposed purpose and hypotheses
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of this study. These forms were reviewed by an expert panel of six
persons for face and construct validity. Form E was a modification of a
form developed by Dr. Jenny Bond (investigator) in a prior study. Forms
F, G, and I were developed by Marci Askegard, R.D.(graduate research
assistant) and Dr. Bond for specific use in this study. Form H was
developed by Patrick Kennedy (student assistant), who worked with the
gathering of the information from the medical charts. Forms E, F, G, H,
and I were reviewed by an expert panel. Forms were color coded according
to week and group to facilitate their appropriate use by subjects. Each
form had a blank for recording the subject number at the top portion of
the form. These numbers were used for identification during the
tabulation of the data. Each form was also identified by a removable
name label. Each subject had his/her name on this label for ease in
distribution of forms. Each subject was instructed to write his/her
given number on all forms. The name labels were removed prior to the
analysis portion of the study to retain the anonymity factor for the
subjects in the study.

Phon rview

Subjects were contacted by phone six months after the end of the
research study to determine if they could identify whethe